^pfstsom 





'PWlf®, «?Hw6r « <IWM<! tj®Rr ^Rl^*ra ^r 


■srtvst-f^sm '3||^f'S 'Q M*l^jhRl ^*ft^C5T *r®h->>rsl®(.'© Witt® ^lf I '3n®tf*t®f 

c^lw M*P§i "sitwf ■#»tw ^hhoR® js , ®t «ih*il 4 ^r*oft?r «th(.'o i 

4 wf 5 ^® *im<r ot #wfc®<T GUffi- tsre* ®mt ®tw<T ‘'35^ 

(Ancestor) C®IW 'S'g® ^c<J R^®*1 ^t ^srfwCT?’ 'STtMJCSf *lf*Hl®® 'Q ^H*®fa® 

«®J]M qftcf | 
























« R<JV0«S 



^ c“ic<i v °iIn^I: 


«nft ^?ur ^vs i 

biQQi^ £#i% <iwil) ^*hhh^ ^fat *tm i 
biftQw faf*r% *ws?r ^jnji *n<i<r i 

^IJ ’slhha* ^JMJt ^G'o ’IBR i 
DNA stf^f ^I3t *HilW i 

\s«U ^||i|ioc«q fi&i£R4 (DNA)-^ ^fa<Pl ^Ut <P<5C^s 9 ft^' I 

dna cft? 5 <r swtfwr ^us *tm i 
tsi»t “W i 

(.<sr(.lfi><P 'Q «p«ql<pei ^fat <p<k.'« i 

fi^c-w ^ur *im i 

fi^CrM 8|lf fc«> Pl<lM *tm I 

£j@rlR>3 RJ(,<p 5)l<Pl<J ’J^9 Rcsfa't ^SG'S 9 lt?R' I 

XMM!*] *iD^U 'G faf*H>Pr^ f^f?I i 

stolon ^)<ic*i (DNA) Cl?c^5^ ^<111*1 <phc^ *Tt^ i 





































##ssK 


12.1 #1^ 

*3®% ^ biftfi* M^fSrsjf^i *Rr^ slror alter 

«ifi^»i ^hi*®* « *rf^j#o-3*n ^fatter »n «lw« w®it: ^ sii^fw%pr atwiwi ^ 
*W ^Mk^si %sf <?tw C 5 ^ , qN’1K *ltc5?r^te (?tw *f|iHt^ 'srok® 

ci# i i£T5ti^ eNIfar £#l% ^rter «iicti fr^Wster ^*rt^w 

^P®H *N^?r TO , 'Wlfil« efajft WQ (Heredity) i 

1^*tW '®)lc°i1&«il « «tC^ e lt ^t ^ST ' 





^iw : carter ^fti« £#1%^ t^o w ^ w<r 

"SltedC^T ^ v f 5 ^It 9 t i T <P^ l 


12 . 1.1 ufoRi* (^»Mf^^) 

’STtvSlf^m M*t%terf*f TO?T 'spsto (Hereditary 

material) ^tfWT I <4tl£®lt ^J®it W J lwk«rK f®R, %i£R<£| (DNA) (RNA) 11teE5 

»Hc<p ^r#*s '0 (Ic«iId*iI Wf i 



ROT 


DNA C#l^ 


ffcfl 12.01: fe'oM 











































#^?r 'S RWi 




a) (Chromosome) 

£f*tR ^ <4lt>||ltirl>| i CaTO?It Wfa, 4fi> f^s 

^ C^rlf^T %?f «1^s I R'Sel^l Strasburger (1875) Wlfwm 

l g^Sffe £#N5jff5Fi <?FtW «£W t®W5 (^ <7115 CtftCTlOTTO, ^fiT f^sf C«IW 

^ftOT ^^<pc^l> "SfM Wf^r) 2 1600 *l4*« ^w> i c^lwlcsrl^ 

^Ttqt^s 3.5 C^IW 30.0 ’Sflt^T ^ 2tPSf 0.2 C$lE3> 2.0 *ll$ig>1 ^ «ftWI (l ^!^*i 

= 1/1000ftft) i wiwicstiwo ^rr wsIPm c 5 ^ (*n 

¥sH ^ofTO w TO to 'SJt'GTlt I C5tm <R, J?m Si^#, -mstt ^ ^®Jtft 

tt*\$s onwtcsrm ^ ^wfer *jm im \ 4 c^iwiosmm 3 

(Physical basis of heredity) 'ofNJtf^o «p<il ^ i 


b) fclHtfl (DNA) 

Wtelw £f*JH ^fT f\b«lfe|«l§Ml ^5 (Deoxyribo Nucleic 

Acid) I 4fi> ^ ’lPlftvSfo's‘B!$Ws<1 «1^T I ^3r wrffa 




fi>aj 12.02: 


A 

T 


C 

G 


^RT-«0, 5»>r-io^ G#r 































































































i TOa 4 l 4 H 3 <t Hl^cBlt'SrHVinSvo CTO , TO ( 4 #fTO, fllllfrT, >ll§d 3 !f>M 
« *I#JTO) TO* «ltTO WpS SltW I ^ fro# ^TOM«> TOCifl TO l DNA 

C^tWtCSftW^ ^SftfT TO^f l ailR^l R'ael^l Watson TO* R'wl^l Crick 1953 ^Tt^T 2TTO 

DNA T51TO (tfpi-si (Double helix) ^fat TO TO* 4 altera '®F=U 

TOTO <$TOlTO TO l Hl$(jJI«M CTO^MijTOTO, f^fTO TO* I 4#>fTO (A) 

to* (g) c^r^nf^f^r to* >n$dsif>M (c) to* TOtfro (t) ctotot i 

TO# ^TO ^RsPm (a) «HJ TOtt^R (T)-TO TO4 13 ^# ^CJSjIceri ^ #C?f ^ (A=T) 
RttW TO* TO# (G), TOJ ^jpZRT »1l$d5|PlM<| (C) TOT fTO# TO 

Rc*J *Jj$ (G-C) *IIm> I TO 5 ? RTOt <fT3# f*|SR«i TO* *##f5#CTO "TOI 3,C*J i 

^TOT* ^J# ^JCTO TO# '3|*'ufiR 9 #^a < P foig TO> M TO I C^.PlG'SR SlIvsITJ ^f*f ^«fsT 34 A 
(Angstrom) frNj #f*t# 4R* TO# ^#TO "TOI 10# RSfjp'QTJl^ia $ftC^> i ^TOt* 

*3# I»i«Ii j 'Qi>Rc«<i #TO c^» fro>) 3.4 A (i A = lo -10 f#fa) i 

DNA-TO Tj# *lRiR'5fa jv #|$'is ^ (Antiparallel) TO’TOf <PM I 'STCTO# ‘ p 1jlt>lc«ll 

W* MttTO TOT, TO^Plt 1 l llfti^'olW (Flat) £fTO WTO *IW q^lM WTO WT i WfK 

dna to?t #cro to # (erro ^w) to to ^to to* w*i# fro *#» to* 

ifTTO 1wo«l«l fTO' N 2 CTO ^TO’TO I st^o C^tW'Q DNA "TOt Ttoj ^Tl# 

CTOTO DNA TO1?ITO C*IMl4H *UI TO* TO totfj <K?I4 "5#^ CTO TOU* MRJfll&H 
«IW TO i if# TOt<T TOfa ^T RSGm> iflfro* «#® i DNA 

Wf C#fCTO W 2 oA i DNA (tflWlWrltfU £f*TO #TOTO TO* TO*ffi#<T ^TTOfTO 
fsfs (Chemical basis of heredity) i DNA-^ '#^TO DlRfa^ £|^s *ftW TO* 

^K<p, ^it ''Sftero ‘5t#fro» TOb# ^*w >ii^>il^ot ^®t^ro '^* * i, t i rc?r Rt.ii 'TO i 




"^tW: DNA-TO ’5TO55T1MH 

^TOsH: lm ^Tf^TO 6 ! ^TO, 2# ^wlwl TO?# ^TO, 40# 1.5 cm 
TOTO 7/8# fllPBwn (W TO TOt^) %f%* #, TO, %T, TO* TOF 
^*CTO "TO^, «#t, <f|^° ifl^# , «t#r q^'oh TOf i 

^ttTO TOt: 

1. 43* TO^TO TOI 40# 1.5 cm TOTO ^TO TOTO I ^1# CSffTO® TOT ^#»T TO 



*o*1r 
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#£<R 




<*r rm w?r Rc^t ^rr*rt rm wt ftfto <*r 5§ Rft tof Rfto 1 - 1.5 cm 
< ulc, j 13 40 C?|R> 50f& C*1I*1 ^®T fcof?T <K4 f*R> ftrMl '3jRN1t 5 T <fClJl <PW •Tf'G I ‘3' 9 jc 5 ll 

Ijto to$ ~*m rr 1^ ^r *mw&1 

2. Sll'olw j aic.4 > J 1 a ll*1 I'OI C<PC.U 20 CRR 25 5c4*l$l 4>W •Tf'Q I S|R>il> £<P4l 

8 (RR> 9 cm «Rt ^ORR ^tt 1 ^*)Rrf 3,04 f®iiR<i| ^C'teC«l R\Sfjip'3i5 |$\&1 

3. CSJt^t (TRft-'PR to %?R ^RT^TR ^ *ttF*f ♦RliftUhtelM i 

4. '^•T R 5 t®tW^tC 5 Tt 2 cm l>'S'®t 4>«1 fo'oR ^C's! C<Pc5 'ThQ I 

5. ^4lC4 f^»R "SlffoT G<PU> RR (?tw £R£5f ^R5f '4 5 t 9 tw 3 cm 4 s (.4 

CT*d> to Rtfcf to %?R ^*R «fl>IH'elM ’lifto WQ <?R %?R ft* ■SIRRR 
fftW 2 cm ^R5f RS£?R ^NffSf CUW RRI <*R1ET WH (RR RR *IW 

■^f RvC?R rirs? i5<pR'»ic4 RtM tor *blto Re i ^'StR ^win $4RR rrr^IPTR 
(10/12 fi>) 'HRNtR RfSf 'Q ??R?r RtRSf tof ajl'awi RQ i ?R5f W»t^ A 
WlI^F T R\5Q»'S§1^ 4R IrR i^R ^c<p<pR> 5.C4 ^t<P<pfi5 RR C*RR i 



tWT 12.03: ffeiFM ^IC®st *tf*f 
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##55R 


6. (10/12 fi>) ^|C?R jj<psI<i RRRtFR ^t«T «TH 

%?I Rt^ I 4*lftR %T Wl$^ C RM W*!^ G I»)'S&'Q^5 

ft(.«i •flaws jf^Rt ^c<p<pT5 CG w^i C*RR 1 *ic*i RM£© ^(.<1 ^<1*1)5, ^i-gst 

?OT RftR ^ Rit’Rf 4R? %T RvtM ^ «TH ^RW RRfc® '55^, 4R 
<uf\©ig»i rrcrrii 

7. 1 m '©l<ic. < P ^ $<P^I 4? 5 fi> *|MlMl RR*tC?F& R>«TCR^ ^ ‘ 5 tT^*f 7-8 cm '5RRT 

cm to RPs 1 

8. < ^ <? 1 9 lc^*o <p«ic»(5i RtER C^t*J RNt •jfi> ^ *ftt*R <fu5l 

totftoRt'si 

9 . ■fljfi* rr*i«i*5 ^tcsrt ww f*ic?i l jfi> ifi> (l%$Rt c^>RR taRi 
C’ti^R 5 ) *ilfa«i ^srtetf 1 

10. I ^'»l(. < 5 <4<P<lR 4<pfi> R|S?R $<P<ll <*RS '©R‘ ! R ^ *ft£*t i{<PlC'© ^iic<pi I 

(jjf^fwra ?m tos rsoet (& 1«i£i^ ™ c^sr rr i 

11 . %?r ito c*m ^sm *r ^ rrr ^ %®R 

R®T*tC?F& <p«i blue's C%*f •Tt v Q l -qlvtofv© v©|<itT>(.<P (RF^T RPQ I 

12. Sl^® fi5.i£R.i£TCv© 2|f% '5r*lf^ <RR C*RttR 4RRR ^ I <.<U*>J 20fi>R Rtf»t 

<RR C’mm ^ ^ 1 <Plosr$, ^ *ltP*R ^ R«T *fc?F& R>«R ^ 

to m # *$ to to 1 ctoR <sfi> toR.^R tofi> robr i 

13. toRt to RatM ■^pt Wf A, <Plcm, R^5f T 1 to^»h %f to*! C 

4R* ifl*r ^ G ^^ 8^51 ^ f%?^T 0©RR £®t% 1 # 

C’IHc^po ^fRRIc*i ^ct^, ■*!?%! 

14. - 5JC®«#W 'SRI , «nf% ^[(.'©h <ik^<l l^vsw ^«T^?I% 

ijjl, ^ to (^ \ 4 fW) to •rT'8 1 

I^<pil<p «TI^T £©RR ^s tfl , *R DNA-4^ RC^eT, 2fRl 
20/22^ c*m<! to ^to f^to c*ifl» ^ 

^mRt <?peTC«T C^R ^Rrt to ^st 1 ^ ^RR Ml<8rlPw» 
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sH«Pp|1 (1920-1958) Rfasi C^tW DNA ^5TO i*r$[-W CW ^t?T ^l*JM ^ 
vgwf^WH TO? T§fo (JsM (P it few TOT DNA-TO to Vitold TOR 

CSf^PT TOlSTO (1928-4^IH) ^ S'lto to (1916-2004) I «TORJ <f|$ ij^SR 1962 

TO?r cro*r <to^ *IH i 
totropst 

i£l^ -STO55# wm DNA-«W Wf « MUR* $CTO 

i£)TOT 3,fll*i I 

(c) (RNA) 

rna tott «toiR$to 

(Ribonucleic Acid) 1 'SlfTOtv*! RNA-tfo 
*lPl5li>'0l5|^(.V«*l ^J3f 5j|c<P I 

<# *MhRPi$ «toi* -*to, ^sito 
*p>iw3 to? -Mloert cro 
$nto, *ii$cBiIto TO? sMtosJ 
*lto® $&llPM) Sltw 1 RNA ^ICTO 

cwwi ^nt from tow rna 
*Hror *iftn toj topr?^ 'e&uicro 
W3I (CW- TMV, Tobacco Mosaic 
Virus) DNA 1 tote W W 

DNA to toa TO ^otCTO 
ftvSto tow TO* RNA I 4TO 
CTO RNA-^ ^?*tstto TO§ tow 

<PM I 

(d) fto (Gene) 

#CTO TO TfU TO? *I¥t ^t fato fTOWTOnft 4TOTO TOf tor 1 TO TO*TO 

#CTO CsHWlCSrlW 1 cgsfflWrtCTO W to W«TO TO, 'otW C®HTO (Locus) Wf 1 
TOTO't'o i*l4»fi5 tiftcvM ®f*u TOfiS RPrG Ism sftw 1 C4»lc*il c<plc*il ww TO>tfTO Ism 
PiPivo'bim to# fatoj smp\ TOirnst to i toro «*twt c^twt w to# to 4<mto 



fi>«fl 12.04: ^SWTO^ 










































































faiwt to i fsfasj icm* cee wHt cecs, fas^; s^EEfas faras* i s$m 

CEE ETOf faj«M* DNA fa®iS ESC® EtCS l ®!tSlS, DNA CEE ECStW% 

ekec®* ®RfaE fro rna EfaStstmcss stewlosticvi ®itcs «*ra* c*$ *kce® ®reics 

CSECS CElfi>S Ms ^S I ^C<pfe<p C<plc«l'f1 CTOi CE^ CSHf&^T EES >SRt ^ ‘*TC$TS|l'Sffr<P 
MlUfllW 4E CEEH CEE E*lfa E*§ 4S? C®ft<MEtES m\ CSt CElfasEEfaf EfajES 

^s <4E ®r ^E^ *ecs sifa® ^s i eece^e ceics ®rej esp# cEtfifatcE etoi 
c^fNn i cEififatcsi^; fa*faE ecs sNHsNsPfa fafaEtpEs Efa-£fafa 4 e ®t cee^ 
Efa<i<.Es EtCECE fssifa® ^ #CSS taPl^jhPi i CEtCE #CSS E&S CEE 'oil&^H Ew ES^ 
<£^ taPl^pjcEs mam EC® i vsl^ EEf eis: 

DNA—► RNA —► CElfi>E—► fclfaSj1 

Isfas #cs facss e*ejt 4E ss i to 4e^ sfafas #cs ®f sun wra 4E^ eice i 

fasEpE EESE fares CEtCEffSftCSS DNA 'EEPJWIS 4E El 1 ® CEE ®lES Et 5 ® EE® <}EE 
« £sf*lE®tCS ESES El*lMl EtCE I 

ee^ fro? fsfas es?ese ee^ sscss tsPi'faE Isfas ^ce st stem wt esc® eics i 

CSSS: v5w>'®l fa*?ifa® fot*is «Wt ESFES'lfi* 'ESt T <4E EtCft E°*P*Hfi> ECSt 11 

ses ^ »jfD <$<pwi sice (Tt), ®ss «i^i ^ssts t<if*i^5)f5^ eem ets i t-Es eicew 

T CE ESS> (dominant) SCS <fliE T-ES EtCECE t CE SCS EW (recessive) i SEE CElMl 
sties facSS E^esHr Ekr»| "^S, CESS ®ES§ filers IsPlsJjfS ESSE ElS i CSSS: tt 

ES^ sSs^fc EtCfr ^S i 

CEES CSft^tS MW 1 1866 ETCS fas ESSEtSES S?*tSfaS StW 'Q -ql^xp^ CS 

(factor) EE iBoN 4W^WH cffi EtW *^R’ ^ *lf^E TO^ i CSf 9 ^ CW 
MW«1W E*Wl^>Rul<1 *SRE ETf ^ I 

'Est-f^sm v5lvsw« EESES^TOJ < pl'»lc<l 2iEt*i ES, CSCSf^ tfStfcR 
CESST'S^E^faS *lfaffiT EP vjoriRH ^||ReN <PW%«R i 

we®*! 4<pfi> 'Q i)Ef& E^t "S^ E^ fas ^fsis ^ECS ®Wf E^S EStES^t Ed5t EC5S 
E^C® Elcol E^S EStES^ «TE E^S E®E® ^Et»EsS ECS 4CSS E5RS E^tE I ^RJ 
CEtCE ESNCS^t EtCE ^TtE® E ECS, CWI fas SESE SJS^E (?R l CSC^j EE EC^S fas 
EES, El^ (£1 CEE ^ES %t ^ft CEE ES E^ EE ESC^; CEtCE Etcfrt E^ CS^ i 
Emt^EC^ CTEE EIci 5I EC^S f®t*i StE 5 Rc^c<i SCS CEC^ fa E Effat SEtS 'st*u 4CES 


*o)1r 
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ISaj 12.05: CTC^WlT , #^T 


?rmto 


«lJlWb 


Fi$%f 


(%sf'»T 5 t =T^T, 


i*R# ^»t?rts1l?i(.*l<l 'STfWf SfiSR 3 ? *lto ^at C«tw ffW <FP*IT (?PT <?f 
«Wf « pOT TOW, TOff to W % »Wt «*TO ^tn 9ft^ I 

gicach ^ ^ 'a 8ii% ^shft ataiw ^t ^r i ^ttoa ^T 

8n% w tosra cto siww *ito t^to ^*f«rcr ^ ^ i toj 

C^r ^tto® fato w to ^8|eMC«M %JOT ^itoa ktow « 8|fit 
^ i <toiw ^o ^ ^*iHiPRr ^ *N% slow ^t ^ i 


DNA '®>i%PH«i (DNA replication) 

sH^m <£R# DNA ^ DNA fcoft ^1 ^t TOlto ^ I DNA 

«f<-^ c 1% »N%Uo ^jf i ^ *t**#?s ^CUalC«M WT C«C8 to DNA ^3f 


































'OIMW TO ^ l C<PlC*l<1 to?T 

l^flfNisi^vbsjipir A-^ to 

T , T TO A, C-3RT TO G ^ 

G-3R TO! C ^ TO ^ *lf^W 
(Complementary) r l v §*i tap] <k<i i 

DNA 3^ Tjfij f®3)<; 3T^fi> ^I'®»1 ^ 

SMI m, ^t?TTO 3Rsfi> «i'§»i ^3T ^ TOI 
*lf^f DNA ^spjsf ^ST l 
3T^? ^s»i Pt«i 3|^; m-?m%r 

TOT i 1956 TO Watson 'Q Crick 

3i «ito<t dna ^s^tor sttom siro 

TORI 

3|<p<p ^lw 

: Pl**p<p T5k Pl^l^lc.'m ^5 ^I’lcst <5f®«r c*lRi»i f^C?J f®3H3| 

«MJ C2£tf®l<pc* s i» iJlRcii to ^®iw*i i 

12.1.2 GjRj 

W*JH 1 *I'b|*t1g' 8 p53H3] 3)^? ^ Sftf^PPR 3f^? 

3f^> •Tj 5 ? ^R> ^GS^ I 2jt>l®l'S ^iI^J-STHM « 

•immiPi ^tw TOtTO'G *rt«?rRr <$* to ^*tra tos ^ %3R3i dW» i 

1^3R31 g^G^Cs R'8ah|'»f'G<qi 3f^ ’faPaG'P ^“Tf ^ 1®3R3| fgtflj? | 3| ^G*^ 

p53R3| J Sl^t?, p53H3| C5R&? $\9j|ft •TfSTS £|t>Pl'® I f®3R3| 

<p«Is erii slc«il'8ri frsrR<p ^l^Rt i i#o, ^®T, «Tt«Tf, %fRf $3 >j|R 

tot to to i ^spramro tomr w’trom Ri<N<i 3 pr ^ cto tos; wr 

Mw ^1?T %31^3| (DNA profile) TOf^stTO^ CTO* (RSRt ^ <Tt fetto 

Myik t^3H3| «i<Hls ^1W ^®i«il <P^I ^ i 3)^ ’fa Fog's 2f<TO ^TSRT <TO* $M?iPi<p st^rtn 
1%3)»f3] 'qMi'Tl <ks Pig's ^?T 3)^ 3]^to 3)*isf|^n (restriction enzyme) Prw 

f^3R3i^it c^f5 <^f5 $^t ^ i ^ tom *i*nfto 




f&ar 12.06: f&W) qapr*R 
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(electrophoresis) ^ 9 1lwl©r C^°T) j^Ml^Tt 'olwn frr*jj 

'oiyilw Rfssj 'oil<plw 'olHM <p-sil ^?T i *mc*in J 


Cflf^e Wfite ^II^C>l!l3H ffc»«Ri!| C£fm TO TO ^-GT frOTRT ^*fiT CiJW 

'oldilMfe'eail* *NfTO iflPlH ^TO<1 ft# ^t ^ ^ (TO* sft^s 

to »it-H^oii6H ft®r « vtfm ftf^s to ^®rt ^t ^ *NS>n>M» 

1%i£17f(£) fts'®H' ^®Tf ^ i ^sftW ’IPhIms? C5^T fafoiil (Polymerase chain reaction) 

ftlPi^ln (PCR) ’mfTO ^H'G ft<ffTO W*\ 7 T*]ft <imh "TO^ Frspn'olw x l 5 Hl^ e l 


W i 


12.2 Wl'iWd ft*t f%*fw 

^ CSftWt 'OlcSl©!^ 


«l*Ul'U A »^J' 9 ftfl Sff^loo 2lt?l 
<f*lfTO15|»f ft^fat ?$ i ail-MCltf* 
(010110*1*1 toa 46 <rr 23 csmst 1 ^ 

TOJ 22 c®ftv 5 t <fl 44 fifa* ^t 'O|d>l 08 rl>l 
(Autosome) <*T^? 1 cetl^lw <?T^- 

W > lc»ilc'srN (Sex chromosome) ^®T! ^ 1 

«i()3lC*l>l«tPlt * 1 *1lfft^§ft, 0i3 

«t^T ^©Jtft 4>1<ifw© ^$13*1 TO 1 ft»t 

ftqro to* crot c#i pw 

(gstcTOtm ^ TO (X) ^ «*$ (Y) 
TO *lft1w I ft®t ft^TO ^tl ffwt 
v tH 7 T'^^i 

•llIkluftllGIl'iS G«PlC<) ‘jTT> (. J 1'9| C^IwIC'StN^. 
X C0fcTON wlfc XX, ^TOU CTOI 

ijfifcT toj x y cTOIosttt 

XY I X 4*? Y ^5* JTO* CTO- 


mu n 

(f J1 M It K (( t 

II II X x J( K 

f< 1< V >1 


ftaf 12.07: 22 CWSt ’STOSlCBFR TO 

1 tfSTFST PT$ aflOltOWSI 


; TO? - "siffoT, 

to y crorcsfm x c4i«iwri«u ^rcra 
fa%i3l c^f5 1 «i|5Igih RwMgii M* wfa RghIPm R«N»i ^rc>, ^l 7 ? siftft 

^ITOJ (010111*10111 TO i*rcsfi> TO - X CTOKTO TO I '®l-|jpt«». ’Jsjw ^<1 
TOT TO^ <£&$ TO X C0l0llt*l>l ^ wfc «iwt& 


CWC151 CTO 

c^rai CT^nw^ 


)r 


XY 


MA 

c ?m 

)) 

(xx) 


■^sfr-'88, ^l<R*aH- st^-io'sr carter 












































































'ShR'MH 


Y c^lwIcstN «Tt^» i Iwt'j X ^T 

Y <IWlH M14IWI 

*ncsr i cth «ra^ ^<1 wm x 

^r^tft *rc*t faRi'® ^ ^st? Rwr 
tost wiihh t®r®t i <?rc^s R«w cm 
-^n*^ rsr W\& ^r, ^ ffivsm 

X W«Rt Y C^# *1l*MjeM4'0lM 

*ii3Im, ^ t5*R wlci* i ^ x 

«wl3) 

xx, «r<k wh ^ <HJt I «it^ ^ y ^wtft 
’jsflt R«W> «RW TOST, WCW flffe»nd> x 

Y (wlwloatN slt^W^sfK c^lwIcerR ijfi> 

xy i wr wR w( *5$ i t®PR fMkitt, 

^jfMisItui ^f^STlR ^JffltC?T »ll«l*l 

^^SsSfETS^*" 

x <i^<pl5) i 'oi«hjRc<p f*f®t x 

y ^ *««*§. ^<3; ^ f*i*t RqRe'f ^f^t cacr sitw i 




i£)<p<p 


: ^>«R wh C^C®f <*R? ^«R WR (RW (7lf& ^ ^jlC'R RWf 

R<# XY (C5OT) ^ XX (CTW) I 


■5119 ^Rf c^ 

X 

Y 

X 



X 





i£)<p<q> ^ 5 |Sf 


^: *nfa, t^f% c*iw ^ *ftiMii fiwtfMfrt f^RftsfoR 

C®1*Rt t^R £f%nt ^RWR ^5R 'Q < R ftw 1%*l l 


$oib- 
































































12.3 twilit* ^t ^Ttf^/'q^|'o|ii-q»>o| 


1^ walk's ftvScS-fr ^ PR1 (fl»lwlc«t1c»i %^otIc'b i iJPR 

q^w* ^®T Plf-ftw# ^1^ (Sex-linked disorder) i Y «s»lt»ili«h C^ffr 

wHffai <hbb ferar ?rc»&r ^s ^r, pm-1®rc^5 ~s$ x c^lpilcetlpi 

fen^yiki ftteriJit'M i csrarcra ^ x cjtwloHffa «ltw, Pit^j tswlft 

X c^lwlcerlw fitedS-H «lt<FPT« 'fl|lM4>fi> X ^IFT Ml*1«l*H 

swn <im ^ i ^ x (jiuikwiuA ^ *nw ^ fotedJ-H «fw? *wmr ^ ^ 

CTBRIt ^M?K PRJ-Piww catFt ql$»hs ^t, ■qv»c'srl < si (carrier) fec*iw ^1W 
s*w i (PI face? q^H" *1?f IV'j; iqjjp<l\B|$i fen S3,*i 9 »m, 'olw il^P sc®i i) *^CT?T 

x ctftcwicertai 'm ^ wte 

fiww-h *llwR «|(W] fa®*«Wt *fmi 


(a) ^Vfr&l 

^ CTtPff <R fNc® *ltEI % 

Plfi> -vhlfl sl^wci^ ^ A 1H®I l "?R C55fl?r 
^T 'BjfflPR C5W ^ty[ C^tW iR 

<nwi sR® w^ittr caHta 

C5fc»f ^1$ w»l«« ?R PHwc'5-si 

«itwi *rp 1& Pi’iw^Q ^ «nw, w 

PT «Tt®T ^iftsr ^Sf 9 tT*fa 5 T <?«(.'» *ifcS ^itl t£TSt 

i\m sto wcr i *rc*tfw 

^T 9|fa1il «Tt*T ^ cat^t 

•H*l *fN% < P<K.'o *f|E?T *Tf I 

M*l1*l ?lt«|fa c l'« 8|f^> 10 fPi 1 '8f*1C<P <J>HI<I 
5iR® rcv» of<it ^ftn i «w ^ ^*r *il31<iR 
OetPlsn 



fb(fl 12.09: ^fHnst f^j 

<Rt^ tf*tW (ishihara) 

C*tC^ PTS5t i tilf5 

C<J ▼St PI 

sR® ^3? <a^ltpf 21 
^wmilU oHw, ct^IIw ^ ««£$ 

Cff^ 74! 


^Q C^twt C^twt CW ^o ^J 4)Rl[)fd|-(^IUl^lHH PRW 

Rpih CBlC*fiT ^f®*T t*WZ5P& *i^> Glt^t ^HliT siR® *11 «i I *RIPRT 

l^fer cpIpI^ v»l®1w<i ^Qut cdn i 
























































^(w 


^b- 





: 12.10 to X' ftttl x CsMWlC'SrliJ 
«WW *lf (XX 1 ) am* wpQ 

(X'Y) Ito *HoHcmi ^r, 
f%“^t ^1^9 ^8?rt^ ^1«l^3 ^11^ i£|^<pa(: 


<mi (X'X'): ^1^ OT (XX'): 

C^T (X'Y): *<lMR<l> C^r (XY) = l: 1: 1: 1 


■sit 



X' 

X 

X' 

X'X' 

X'X 

Y 

X'Y 

XY 


^Tf 


(^) mmT (x'y) ^ 

■sit (xx) (*t) ^imt (x'y) <ims 

(X'X') (n)^r^t(XY) ^^1^ 'SJt (XX') 

(n) ^ ^t (xy) ^ ^j**r is (x'x 1 ) 


#31 12.10: C^-f5T?^5 'Sf^l (C*Jth : 
5Tt5f-3^Bi #50 

^J ^5T ’tO# 

TFTqjCT Ctf^TC^ l 


(Xm ^T, ^<F ^QTII? ^1?J OT WI 


(b) sbhMRiil 

«UI®TR7rfv|ilf <JW CSTtf^o m (5^ <mtl*m l lilt <mtFt 

wilt's ^ ^ i wi c^t# *i«*jMj'si?i c«t^t i iiit c^# ^c?r i 

^iiwc*t^ csm^ vpt nwfi^ wut i *mHt ^mt ?$, 

<?a?\ sif^w 7000 f 5 ^ siJMiy-iftai cm ta ww to ◄v^Viich sim cm^it 
I 4# 4#f «IC3SIWI>IH f&flro|v£jt|, ^mt 'G ^ teat 4 c**r mrn^ mf 

cat^t ^T ^t ' 3= f^©TC s T <mMW #piw £W*f *11* i voltwH 

mf 'oil'5l?i(.?i<i ' 5 Jt i IJ 3W ill C^tC 9 ! Tsm*5 ' > i*'sH st*Ji (TfsaM 

WClS Tim I 

Clifts <wwm ijcsfri^T to M%, a-ollRSPM P-csIIRvSPm i *?!jNwPmi ** 

c®ntt® <wwi« ^ # canto* to ^ «it#* ^twt, wr igfajff c®itft» <wM»m 

^*nto i ^ *rni?m tom wnm wm ijt *mi7m qjNwflmi <tn t Tim, 'sim# (a) 
*3Mnmto 4*? to (p) ^UHiwPiai i ^Mrpt ^jHiwPifli <mm^mt ^?r, w « chiRSPh 
t'sR^ ?jic<p f^v^r i^RJ^ i <iit s mw?r <mff fff^f-^ iiif*mt, rn^stmi, ft 5 ? 

« «ii^m ww? TTt^n (m#t <7fTit Tim i «fl4t«iM t^ft (p) ^iHiwPiai wt w 


•a 
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*Y 








































































*o*1r 






(p) cjjifivBPiH anffrr $vii*h ^>o ^ i ftist ^hiwPUiiw «iM7 y f%r , 'Q m i 

4 cm ^ c#r c^nt c^ic^q *tfon*r 

Sft « «flPUlMI%inl TOTS <?Nt m i 

ta?r anf^r ^csre *UMlc»ifltolM» (FHT ^r, ^JHlwPmi cw 4 <r 

^JHlWPUll 'Sfl^i sbMlCflftiill Wt® C^f Wmt « 'sit HfltWiI ^ csic^ 

vom ^1^ C^IC^ 5 C’tC?! **llC<P I <4 tJOC'KI t*PJ*lT c<Plc*ll l5*PT*f C^Htn *Tf I «M 

13 Rg>im ^Iw i 




wrofro 

t^R 

^ t^R 


*pi 

CmUtiJ TJ] 


iv* 

WwRiat 


oo 



srwwPrcn 
f*PJ 
PT1W1 TO 
<5TPfil ^ \gpt) 



m «iwa sw 


(>ihi<ri m?j 
m*m ^ wd 


ffear i2.ii: mr ^ 

“mm wiwfvst *f®ist sfara ^ram m mm jrp w\ i 






































?*F«t: 

tortt?f??t? tore? ww ?tt?? cto f 5 !^ ^ to ton siMt?f??t tot? 
^fi*® f*pn?t»*t? sm ^tfi>? ?$ 4 inM csic*r otic* i 

ffi^lt: 

^ttot^ ??? *Rr *t? ?® »to £?? ?%? ^Hiwflmn fsfwit wf 
^? i caiM MteflH. 1 * ^ ^ &?? cto ^? ?t, ?n?? ®t ?ffc? wc? to ■*tfto fife* 
®rc®t??#?m wi ^ toto^r?omtoto wmttto?^sjifw^ 
srfi? <at? « <afi? , ¥ c t OT*tt to *hbt i *bMiwfli«i c?t% 30 ?to? c#t to tot? 
*wi«hi ?f? 4?? wut 4to? ^ ?? 1 

12.4 R^'oi ^ 

Mwuviii *jf^to «cwr #?t? ?t®t tofr®, tot? to at* cto to 2tt%- 
toif^ to to tot? 'tot ^t-stwifto ??t$ tot *ra? to i to??? wi^cto « 
Hrr, < 3^t% ®t*tf??fto ®t«fk ^jft? ^nto ^jfa% c? tot? ?t %r, to cto 
* p itor^r ?tfcf? 1 tot tow>i, tor #?wto? ?c«t <f^?itoiw4 Hwi^ cs?? cto 

*ttsN? C$ 1 fto£lil^? <m Wto WrMlt*M (Xenophane) to? toto 8 N? 
<pvs«q>’J[(.«il #?Ht (fossil) 'oilR'to <pw«i 1 fsP) Slto ^»«i*i C? ^t?tto? 'to?? 'splRh'S'lk 
??, ^5 i<ro ?tot? ■gto ^Hct<A« «ik? *tf?to??dt^i 

lirH? Ff< wto to *tl*flto ^0#^r (Aristotle) 2l?H to? C? #?5tto? f?f%? 
#to to? to Gflf*t? #? to Gflf*t? #? Cto ^5 to CTt #?^c?t tot? < j?' 5 i|? 

cto ^*rf% to to' f?toct? (?t ^to%) ?twt ?to® to?to to ^<itto® to 
?tot? tot to^ 1 ?t*mto tos? tol^ toBr to wit? sttot to sttot? 
tot? ?fc?to5tc? tot #?? cto %? %? TstfS? #?t?? ^* 1 % 1 to 1 ? to 

?to? toJ f^T5? -^Q?f? ?f^t?G ^$?t? I 

toto l<t'88|Pi<P ^5SU-^' 5 ttS «iyilw, 2tt? to5 ?t?*t^ c^lfi> ?^? (to? ?t? f?f?^?) ^sttt? ^? 
C?W ^ i£)^ ^S''® ?Jl?-Pt® f^®t 1 ^ ^S < ^® ^lJt?-f^ RR»<t fc j 

to? to to ^sf? tot ?tG?t? to*t ?%f^® to to? ®totf 2tt^® ?? 1 to ^ f^t^ 
<\\lm fw cto ftot?? fto? ton ?*ft? to ?tt? to ^5 ^#? ?m cto c?t?? 

?? 1 ^?to c?? cto ?^?t? <5t^%r ? 5 ^? ?f|s^to TStot? wfK ?^C5? ®rtf?®t? 

to 1 to ??t? ?^to ?tfto 2ttm ®rtf?®f? ?? to^p??ifto^#?ft???s?m 


*o)1r 







































































































'Q Rr©R 




*lRR'©t*1<l WT RaRRS ^RgRtf©? ^CUCS,1 

R®R *lj^I*i'®<i f&*«i'oh*ii <£R? *tftRt-RffaR *R allows ^RR Rwt?. R ®tR 

R3TC5 I RtftR RU ‘Evolveri’ fflW fan© 5 ? «i $W3W 4R 

PtolRi ^NTS" (T'RR?' (Herbert Spencer) sRsf $,t»lPi'S‘*H RRfi> <w<rR <pm*i i ' 3 T S T?T 
RR^sf, (R *fa,Rf%R &«iRi *tf3R©^tRR (RlRt ^rr©? ftR2tf*R >iR C«f^'Stt^r 
vSqvs'os RjR StWtt^ R RW*i R '©il'»<u1« R $c'»lPi\S*H R»T i 

W R<1'©*1 ^R R5RJ *jR ’iFsc© <iu 5 R, *lRi(.<ic*R '©Ic.*i<P W <sj^s *ii5c,'s C^T^ft I 

Rt$ RR fatfw* RRFt Rfi>R #R ^ tats RBI'S %RRRt RTC5 I C»lfeH>M 

CR5fR*t RfRR (RWRRffiR RiR Rfe '©i*q<pR t^Bi^tRR3ff© ^rrr 

rrfi i rtc®^ 4*R 1rr©r R tyjeiPflHw* %?r ^ulPiw^i Rwi 

<RQR ^ (<4Rfi> Plftro fSR (DRlf^lM RRtf© RCR '©' ? R <R^ f®t*in>^ 1%^ 1%^ 1*|R> RR 
'©l)lPl«1 Rlt ^?I) I <Plfa-Rifr (1989) SIRS RRfRR '©lilies, R<1'©«1 £|R*I| <RR> 

giro Wft m\*m <sr fo?R RtRRifl wrf¥i ISmuiPm *ift<i's*i \ 


*Rt RR •^* V T<1<1C,*1<1 RR^> R(.*I<1 »M , jQ,® , ll fstM f^H?! <PC3 '©R t£J<pfD '®|p|«p| <P<ll ^C«ll, C<HI(.*1 
<RR fstc*in c<pH v ©wlPi«i RR^jPU <pm '©iIcr c^Hj'Q ftRR RR i CR*t R 5 ^ <15*1 *|R 
*RR©) c<plWl SlRFIR ?R«T Rt*R RC^ RRR CRR '©olPi«i RR 

RH^, (RfifottRRRR'SRItiRR’Ria^ Si'src.ni'Si f^R^ft lp|R RR Rfw RR RR ^ 2RRf 

^>r*R stra cTOT %rr (?m «ijiPit*M *rf^r®R 

R«Tt im, RfcR ^ 


12.4.1 ^HW4 'fillR'oN 

‘'3^1%® Ito (R ^*Hc<P '51^R <I^ICM SR%© I 

#^?R ^*1% OT ^RC5R iffifcs ^R%r, 4 C^tRt 1w (R^ I 4 

Rvssl^^l CT C3C*tt^*T, (R^C®rf iiR^5f: £f«R\s ( 'Srfwt^ «tR&q>h (R^f ^ 'Q '©l*1)1*1) 

T5<m *1HR<J»V| ^;cR -5JR ^TOR 7RC5R <11% <«|Rw *RFR 

R^C5R ‘RtR^© 4 ! «lRt '©l(.1<P ^R®T 4<PC<Pl^ ^R R^RlR I 

‘ ! 3R%® #5tW ^ <R »H<.<P RwR^i^vs '©i^R >ilW51: SIR 260 (R 5 # 

^tRfR RR5^R Stp <lRRC«t feR, ^jlCVIlRtll, >lH5pl^vb «W RW, 

ll'RUalt'Stl ^ ^RR V5|^-'©|'S||^V!J ?1]R %f; voif^ceti ’UR %T RI '©1^ RtlSRf’lR^ 
i Wf R^5f®^R ’R’RMR R/v© i£|R ^®RR©^ Wf 'Q '©il^ow^ 




































































































##53fa 





#ar 12.12: ^ ’•M-SP'tNUl '*ra> ^ 'SffiJa’T C^'QTTP^ l 

£t^1W C^t f^S ^ 'SIJlVIl^Wl 4^5 i)^jv5 ^*|1T TO | 

■UHMGRtfc lilt *tfhn TO STOW TO WS I *IET '6Ul»ll$Ml iw ftvSQ*l> 

t£)f^5 faPivo ^Tinr f^gffp'G'tSflfT^ Wja ^ ^ I RvSljP'QCSJlt^T ^$Flt ^T facW'Tfl 

£tf^‘ s> f- 9 tfera' (replication) ^Wf 'oi's?«i <pc?i i£)^\ '^l<iC r i'fi ^r5T?I i < $fs|ffa 

4<R TO qHUll^TO #^5R ^*t%T TO Hl»lHlR* ^r I * 

-1 

o 

*y 





































#RR R?*fflf^ 'Q fiw 


*3v© 

RRRf <P?ll RR, C2flfi>R ^R? ftvSljp<P i£)p|\!s -uplift ^R> RR ftvSlip'QZSflfijR I ^ PlSIip'OtSflfijR 
CRCR^^fijRR C2|lci3l'»l^<ih 4R? ^©t CRR* RR '©l$<ih i '©fcsh 4RR 4R 5 i>T T WRt four*! 
R*CR, Rf #R 4R° 'srcvtofi RtlR# ^5R*Rf i 

<4R*R v5vs<) rr <ul<p(.i3fiii)l <4R? ^fR'Q RtR RR C£ftd>tfl5flRt i <ul<pci3R?ik faSljiHiH 
^ £^R>3, '©ftt (iicioc.^ ^HfR (R>tR RRt RR i RR C£||L)IC'srl<j|cn^ (TOR CRRt C^t«T ^RfSft© 
Pl^GMlW I #RRtR RCRt CsMRlf*H, WT 4R*to RRR RTRJ R?»|R 

^ 118 <i 3,c®il, (.'©>((*) R°t3fRR SW© (by product) Rvim 'sifeicsw ^R> ^c® ^ R*RR i 

®rr rri® #rrr r*rjt c*fc© rffr i %r wn 4r*r fit crr <i^<m^1 

#R I iRRRR 4<pftc<p ^§1%R 'Q 2ft%—<jfT> RtRtR #RR «|R><u 1« Rt R<1V©*1^RCRt I 

^l<u.*is ^§vgR ^©Rt sW?if*i<p fRR®iRR ^5fRQ R^lRJ RJtRJt ^5ft^ ®£R %*fcR 
RJtRjtf^ 4RR RR% l<W*lFte>elt4 R^lfw siRcfcRtRj i iRR^sR Rf®RTR RRRtRRtR Rift RT, 

^sprrj Rtfi>R RHt-smra rd> ~m far©??, 12.12 to ®ra rtrrt wf 
rw 

12.4.2 vb|«fc$*HlH ^t VbHvB^W* WRtW 

Ht^t Rffc flwfit RlRR vbR^H ##5RR ^oRT RRSf iRSRiRR ^RltR 4R# fc?tfRR5 
fi>*®lRlRlR <pw*i 1 R'sal^l 'RefJT vuhv5^«i (Charles Robert Darwin, 1809-1882) 
^SRJtCSR 4|I*I«R RRCR RFJJSiR't RRRRI 2MR© RRlRftCR ^5Rto RMRJtFtlR 

Rltawiw t^fR ^ wi? ^§r 4R* snPifPRr to?RR fcPHSr crcr Rm»fR Riif$ 

RR 4R^ R*^fh© WlJR Folic's 1837 tsT^tW ^SRJlC® £F©flR^©CRR 2fR 20 R^ RR 1859 
^T^tRf ‘2 |I^F©<p Mltx/is RRt SfWtf^R ^vgR’ (Origin of Species by Means of Natural 
Selection) RtR t£)<pfo R^R Rfa R^®RRf& 2Rt*t <pw*h i ^5R^RR '©'glu R<i'®*i '©^ 

RtR 2Rto ^3 1%fR 2i^©R^ iRRtoR ^TltoR^ RRI 4 ^RJtRR ^RRf5RR ^Rt 
^sf'^R (RRf| CR feR fRR^sR CR £t^s^ Rt5 ^©t RRR CRR^ fwt^Rt WRC^R I 

^R^RR RR5RJ %, ^R fRRtoR RRRR %RR *tfT*© R^RR ^R^lfRR 5 ^©Rj-SfRRRR 
F»Fq(.'© (RR 5 !^ 2|%RR (mechanism) RRRt 2ff^f RRf Rt, fRR^stRR RR^fR iRRR RJtRjt RR^© 
RRCRI i^R iRRtoR RRRR %RR 2|lf F®«> Pl^lMW toR R*GT ^TR« iR^R RRRRfRRS 
fwf^t, '©ihwpvjj 'QRRRR (Alfred Russel Wallace, 1823-1913), ^R 5 ^ RRCR 
Ri^R^RR \®^ 2j e lRR RSCRR i \®^R fqR>?| RRRW ^R C8CR ^SR^CRR 

Rt^^s^^ifR^ gRtoi 


^pfr-vw, ^Rf^sK- w-io^r cstR 
































































































^^5 TO0*t ■Wjtf'll: 

(a) TOto TO* 'KH&fz TO^tw to, TOto TO ^?"00f to 0 #w ^ito® 

000J i TO TO Wt0to TO? TOto To #W ^0f *f0 i TO0 

^rfror »n* cro tost srm 730,0000 %? wtto 1 730,000 %r cro 730,000 ^rfrot 

’tftTO ''5PH ^GTIt ^18<1 I TOfo ■ft ^Uf5R ^0 gjstll ^O© 2f0 3 C<P0 %5f *ffa5 I v»|<i\S<§.C*10 
■TO, TO> OSffiSt (TO 5 tgvg^a TO«T ^10 (TO «HTOf 750 ^TO ^tfTO To TO 5 C^I0 
TO$*T0i 

(b) TO^S *f0i « ^ftTOf0: WTO %ttTO » #W TO«tH TO? *I0 jTOto 

(c) TOstfTO ’’RTO: #W Wl0to « TOto TO 1? 0m TO? Wi « 

wro ftlro «frw #ro TO griroTOror to to i 

4 TOW *R«HTO ‘^0©^ TOJ ^stm’ TO TOf^© TOTO I TO TOTO CT #TO 

1ro0 < tTO 4^ <poo® to i <?TOrt to^: 

(i) 'q|‘ws«MR>o* ^f?at0 (interspecific struggle): '5il^ k H^t TOt '^TTTT ^0TO®t 

m, wto to tow m \ wm, ^ to 4^ to m- 0to© 

(l'stR < p ^TO£®0 0fo*( slstlftso '5ic*o , TO- , <ftw •*i*i > 1c < l0 TO0 0^?r ^0i*t?st0 ’fas 'S& i 

(ii) ^S'SSletlRxp TOtfa (intraspecific struggle): TO 5 ^ sMlro Rfoq TO^IJW 

^tJ TO? 4<P<§. TOfaTO TO??I0 TOTO 7 FP0 7 I? 1 *IJt ^0f C’tE?! TOt PicstWO 

(TO WTO SlfTOlf^st ^TO; 05TO TO W OT TO0 %0 ^faStft 8H% 

<?fa5 C’leT ’TO TO? TOTOT 0fTO WTO TOT PfoflKlft ITOfW TO0 TO^ffST 
^0 <pco i W®T £ft%’(c s il <j4*i sil^cno sifvs^v© <pco sttrow <pco i <pc°i ■j4*i 
00f0TO TO0 TOTO Wt ’fas i 

(iii) HfiwHu TO*! 'TO-sJtsr (struggle with environment): TOT, TO, TO-^^T, 

TOro, ^troro, *raw grf^ro *i0wr #w TOtfTO #toto 

<wkv© I ^s?t? #TO> TO '©iP«'9 TOfa ?tTO TOJ £|0fTO© 4^ Sil^©^®! ’iflW't? 

TOt ^stm i <?i srrf’TO 4^ ’ifkro to «itro© to, wt TO to 
^m 0 ^^® to to 1 TO^iro^r to to ct to? to to0w cto^t TO 

Sfa® 'Q ^TO’ftCTO TO 0^® "TO C^tC^ 1 

(d) 8tTO*t ^t TOcTO TOTO^T: TO0 TO^W TO, ’J0ffa© ^0 ^0 TOFI0 TOTO 

*151(.*1<1 TO 01 'TO TOI^ 4CIO "SfaP 0^ *Tt 0^ ’ft^iN 5 ! ^llco» I ^0 •jpo '5J£*1J C 5 ! ^ 






















































































’tT$fa 5 J WIT ^rT?r, 'sl(. , 9 sRsp (variety) ^t ’iFi^Fa (mutation) <k.®i I y oi^ e i SR^R ^rf*»CP 
©Mil SfN'HvSjlM i5<pfS ©[Rm* <pw i 

(e) sllffa* FKlM: vbH®$H '©Sp ^ £(%TOfi> »HCI>ttl <Rf*t ® <£< i , '©l^«1 (Rt 

'©lfTOl®HVM4) sRnR '©MIOR Wt stfTOtf*T©R C#f ^iT’t-^rr 05W 

to, <*$ siliRTO si \ffo+ IMrt tot r ^f*r sRrH ^#© #c<rat sifter ^t 

5C*I '5«'lll^«'H»'®lM C.<ll“l ' 3 T^^tJt woo ^llc<P 5TO TO’lfc'Bfit TO I 'Sf’Rf^W, 

Slt^T #R?it suffer •iRwrtH TO «TM TO ^t l TOT Iter fTO 

'3|<l«3^s p I 

vbHvB$CH<l Wlti ^TO •rfTOP’t OT #tfi> *IW fro© TO, ^©tC4 “CTWT 

^iHjr TO rto tot to tot p, ctw *iTOcr srtTOif»N?r wf to TO 

SltTOi 

(f) stwtTO cw 2fT% « ^TO?r toi TO 6 ! wit RR, si^ffc 

TO?r Fmim to ps TO?r *#r to i ^fpteFw siroR^ si# 4 <r <iTO?*t?r 
TO RtftCW "SitTO iTO TO 4<R TOlTOS pRR «Pf TO TOTOfit 4TO TO I 

^ 32 f (TO?T TO'faTOR TOTJ stTO^Tt TOT I ^ TOTOWt TOT TOR 

sitor c#i top, si^fe tort to^ Prim to' i ifiTO to 

TO^s 4^ 'TO' si^f% si# 'Q ^Tp £iwtf% 4CR I 

^©tot TO*MP©fi<i, wh'O'gRi G5lf*lfTOR •rp' sTsriTO ^»if%?r t^ro TO'RfoPwiI 

TOTOR P° TO®^ TOP f®fTO© TOR, Fo-ifS fp PlTO ^Tp SfWtfP TO ’TO: 



•o 


fpSl 12 . 13 : 1 jfi> #W?T TOtJ £|fTOn#TO i ^T^Sf fttR *ifTOC“R TOif *IH ’^T'QTIt^© 
TO# TOT w®f RfTOR C#t CTO TO5C^ ^ TOR PJ %TO pTSEP TO RCTO. 

4^? TO# fifcp Ftcto i 










































































































(a) "^T £|'Stlf'o*i 3,C<J (isolation) ^rf'STTfa' ^0=1 

(b) (hybridization) Wi 

(c) ^Ts^3t?pr aetifec® <?m R'oierw^i w *ii>hh»w c $iot (astcsrfcsffa *r*bt 

(Polyploidy) Wf I «£RT Wf *lR>Ml«rt ^6w «*R* Srtftw R4ibWH 

'i'j'l S|'stll'b<i »|R> 3,C<11 

SMIL'S fi>c^ R-q'stin 

^itnjcsr smti^s vSv#4<mm w«it ^ir?r siwiffc ^iw?r *titf ^ftr i 
tow *ftwi»iwii w^rt *n?r i <m <?iw *mm *m w erofefli* to 
^st w c^f»r, ot R^vsom wto w «f*i fin tto <muo *ttw i ot *ito*t, 
'G sfiRR)^ ^hncss RWci w w wf*t *IM ^Tito© *ffaw, 2)«riR>fi> 
sIPFWi R^W* t«f m slftilltt CTO (adaptation) 

i 

R^ w ^ c^tw ^5, vst ^ i ^tw^mtw R^r ^tor 

ws i «flfl»« fwsbw -^o^om sim \ R^®w?r wnwt ew*t *tf*s 

iwr ’tm *rt#r i #wk *pto «ii>iicfni ?m, R^w ^t 

^ VW "5W *tv5W I 



2 . ? 


3. <3>lcailG®rtot<P C#5 fsf% ^»It ^ C^T? 

4. 

5. «bHi«flmi #1 ^rm? 
































































'Q Iwi 





[?)l Sfl 

1. DNA #5tW ^ ^fat WI 



<^Wl^ si*f 


i. $®*iPm *it«^t *mr? 

f® (£)^r 4 < * 0 * (fl«T 4 

«t. %5T ^T. OTW^T 


2 . ^ t*H «4-ffa «(tt^— 

i. ul^Mler ’■flfclt 

ii. «iteN <mwi> 

iii. HfcuJIOBM*lfi»fc C^f 

to? 

i *f. i 'Q ii 

*t. ii 'Q iii ' S T. i, ii 'S iii 


*N^'51 fi>wm 'biIcfiIct 3 « 4 sfcsfa *ft« 



3. W*fcv x c^lwlceflcw^ ^^tJt ^rfi> «ttw? 

46fi> < 44fi> 

«t. 23^ 22^ 



























4. vS^Ht4>4 A^BCs C®1=T CsplWlCSflU ^tC^? 

~Q. X XY X XX 

*t. Y XX V. Y XY 


^SR%T2f^ 

1. Pill's ^fW i 4»«uh*®h *wu?, i ^5 -vulfi; Gr^lffo ^4^ "sre^t 

<*RS C^|T> <P«ull»* Jj®T, *ttE?Rr ^ W5t flHC® ^tW5[ '*TC^t I 

4*1jl»1*®h ^QTItE® C’T®fafta$ 9 fa^§ta e t^Cl 4|tC5(f C*T erllt'o 

*ltcsr ^■'oltis Ph >jjPh c 5 ^ i 

"®. ^s;*t ? lR>Rul ? 

< ^TC® #t f4f|?l? 

«t. PUpICVbH 5i^M CTO ■“llffe fosM* <pm ^UI ^ I 

^r. P«pic'®^i •*£■'»< ?m$\ y °ic<ni®<p wi? f^csfa e t ^?r i 

2. CTl^BT Cl5plR>*tC^ <£&$ WlMC*1 C®P»fc® (M C*T 4lfal*14 C»IW R®|l*l4 

<?111 ^C.«* I OT C*ft®T, ^QTlt Rw|<.«H <o||4»l« f f«i( I 

to wirt, w 9 t%^*t R^lc«m c^ t^ar i 4 ®tMo» 

®m ®fc® far^T « qftalliM ^Mc¥ M CfR i 

c^rt^m ^t? 

«t. t*iic*vni <ft*it sifityonfo ^jnjt ^ i 

^T. 'S‘*tHg^ > 3 Sf^T 5 ? 2fT^k<p <)Pr p'alii 9 ll^c<ic‘‘t C^C® (WiTTf 'sw *ioc<i— 

Rcsf^t <p*i i 









































